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ABSTRACT: 
This paper presents the preliminary results obtained during the 3D recording campaign carried out in 2018 by the Spanish-Uzbek 
IPAEB mission in the archaeological site of Termez (southern border of Uzbekistan). Ancient Termez is an important historical city 
within the Silk Road located in the ancient Bactria region. The archaeological work performed at the site since the beginning of the 
20th century allowed a large fortified urban complex to be identified that includes other walled enclosures inside it, i.e., a Hellenistic-
Seleucid fortress founded after the campaigns of Alexander the Great in the late 4th century BC, several Buddhist monastic 
complexes dated to the Kushan period (1st to mid-3rd centuries), and a large urban settlement dated to the Islamic period which 
includes the city proper or shahristan and the suburbs or rabad. After the destruction by Genghis Khan in 1220, Termez was rebuilt 
following a different plan. Major changes involved the movement of the pottery workshops from the rabad to the previous 
shahristan. The research focuses on: a) the identification, study and archaeological contextualization of ceramic production centres 
located in different areas of the ancient Termez from the Kushan to the Islamic period (1st to 14th centuries AD); b) the integration 
of the pottery workshops into the general topography of the site and c) the study of their evolution in relation to the transformation of 
the urban design. Since the site is currently located in a military area – close to the border area between Uzbekistan and Afghanistan 
–, the archaeological work is restricted to specific zones and the use of aerial devices such as drones is forbidden. However, this 
research requires both micro and macro spatial approaches to accurately record all the archaeological structures and to evaluate the 
integration and evolution of the pottery workshops into the general topography of the city. In order to fill this gap, declassified 
images of the CORONA satellite program were analyzed and compared to historical and archaeological data. In addition, we propose 
a geometrical and graphical recording and distribution system of the kilns –located in the rabad and the shahristan –and the ceramics 
produced and used in Termez during the period studied by means of photogrammetric techniques. The results are aimed at 
management through open-source 3D formats and web mapping GIS libraries combined with historical satellite information that 
defines the different archaeological areas. 
1. INTRODUCTION OF THE ARCHAEOLOGICAL
SITE: TERMEZ (UZBEKISTAN) 
Termez is located on the right bank of the Amu Darya and near 
the mouth of its tributary, the Surkhan Darya. The region of 
Termez is characterized by an almost flat topography (mean 
altitude 300 m) and a few small hills that are the southernmost 
residual reliefs of the Baysuntau-Kugitangtau range. The Amu 
Darya-Surkhan Darya floodplain forms part of the Afghan-Tajik 
depression which comprises a Hercynian basement formed by 
highly metamorphosed Precambrian-Palaeozoic rocks and by 
Permian-Triassic sedimentary and volcanic rocks. The city was 
one of the most important urban centres in northern 
Bactria/Tokharistan, a historical region that included the 
present-day territories of southern Uzbekistan and Tajikistan 
(Figure 1), and northern Afghanistan. The exact date of the 
founding of Termez is unknown. It has been related to the 
campaign to conquer the ancient Bactria and Sogdiana by 
Alexander the Great (between 329 and 327 BC) as well as dated 
in the period of the first Seleucid kings (Leriche 2001; Pidaev 
2001; Leriche/Pidaev 2007; Leriche/Pidaev 2008). 
Termez includes several walled enclosures inside it. The earliest 
of them has provided evidence of Greek occupation. Thus, 
pottery in Hellenistic tradition has been recovered in the lower 
levels of the fortress (Citadel) located on the right bank of the 
Amu Darya. According to their features, the vessels should be 
dated to the late 4th or the early 3rd centuries AD (Pidaev, 
1991). The second enclosure (Tchingiz Tepe) is located North-
West of the Citadel. A recent archaeological investigation 
carried out in several sectors by our team, comprising a 
complete study of the archaeological sequence supported by 
radiocarbon analysis, allowed to date the construction of the 
walls between the early 2nd and the mid-1st centuries BC. 
Therefore, the walls of Tchingiz Tepe could be dated 
immediately after the arrival to the region of the nomadic tribes 
known by the name of Yuezhi (Martínez et al. 2014; Gurt et al. 
2015). Under the rule of Kushan kingdom (1st century AD – 
mid-3rd century AD) a new fortified area, the sharistan, was 
built. During this period, Termez became an important religious 
centre that hosted a number of Buddhist monasteries such as 
Fayaz Tepe, Kara Tepe, Tchingiz Tepe and Zurmala 
(Abdullaev, 2013; Stavisky, 2001).  
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3.1.2. Image processing 
The photogrammetric process includes a total of 52 control 
points in order to achieve better adjustment in the spatial 
referencing of the block of images during the photogrammetric 
restitution process. These points were taken in the field in April, 
2018 using a GNSS sensor with sub-metric accuracy. Their 
distribution is related to the localization of a series of interesting 
archaeological elements which were worth documenting during 
this fieldwork campaign. These GCP occupied a small space 
within the whole image. Therefore, we used QGIS-digitizing 
tools to digitize a series of points on the georeferenced 
CORONA images. Although the accuracy of the resulting 
coordinates may be questionable, they were very easily 
localized on the images during the photogrammetric process. 
This process is justified in view of the lack of a wide 
orthophotography of the area and of the impossibility of 
creating it ourselves as drones are not allowed in this zone.   
We mainly used two software products for photogrammetric 
restitution. One is ERDAS Imagine Photogrammetry; in the 
non-metric cameras category we worked with focus width 
(609,602 mm) and the resolution used in scanning (7 µm) to set 
the interior orientation. This model is fit to use with the 
CORONA images free from interior calibration parameters of 
the main and fiducial points (Altmaier and Kani, 2002; 
Galiatsatos, 2004). We also used The Automatic Terrain 
Extraction tool (ATE), which allows for obtaining DEM from 
the restituted photogrammetric block (Bellido, 2018). 
 Next, we performed a photogrammetric restitution based on the 
SfM technique in Agisoft Metashape Professional (Watanabe et 
al., 2017). Like Imagine Photogrammetry, interior orientation 
was obtained based on focus width and scanning resolution.  
Fiducial points cannot be localized given that they are 
inexistent, thus distortion rates are left blank so that the 
software can calculate them during bundle block adjustment. 
Following the bibliography on CORONA image correction 
(Shin and Schenk, 2008) and on rotation angle measurement 
based on GPS data (Wierzbicki and Krasuski, 2015), we carried 
out a first estimation of the exterior orientation parameters 
(Table 2): 
 
Image DS1012-1039DA163 DS1012-1039DF157 
Xo 7.477.170 m 7.489.300 m 
Yo 4.485.140 m 4.490.290 m 
Zo 185.000 m 185.000 m 
Yaw 244º 244º 
Pitch -16, 375º -16, 375º 
Roll 0º 0º 
Table 2. Table of the initial exterior orientation parameters of 
the images. 
Both photogrammetric restitution processes are aimed at 
obtaining an orthorectified and georeferenced image. In this 
regard, numerous approximations have been performed by 
changing the images used in multiple combinations: whole 
images, images cut over the area of study, non-georeferenced 
images, images georeferenced with 2nd degree polynomials and 
images georeferenced with 1st degree polynomials (affine 
transformation). Furthermore, both GPS and QGIS-digitized 
control points have been interchangeably used to obtain the 
desired result.  
Unfortunately, we were not able to perform the DEM with the 
selected CORONA images due to overlapping problems 
between them and a lack of key data, unclassified by the NGA 
for photogrammetric restitution. Consequently, in order to 
reconstruct the DEM of recent times, we obtained altimetry data 
from the relief map by Dumont, Reynard and Person in the 
context of the French-Uzbek archaeological mission in Bactria 
(Pidaev, 2001a). Figure 4 shows the altitudinal data in level 
curves at 0,5 meter intervals and in a series of bench marks and 
topographic points. The localized walls and buildings of the site 





Figure 4. Interpolated 3D model of current period with the 
location of the ceramic kilns (above). Longitudinal section on 
the DEM between the T5 and T8 area of ceramic kilns (below). 
 
As to archaeological interpretation, the image has been adjusted 
in different ways in order to improve the visualization of 
remains still buried. First, we performed basic contrast, 
brightness and histogram adjustments. Next, the work method’s 
algorithms were applied to the LiDAR data, namely Analytical 
Hillshading, Hillshading from multiple directions, Simple Local 
Relieve Model, Principal Components Analysis, Sky-view 
Factor and Positive/negative openness. 
 
 
3.2 Ceramic kilns and archaeological excavations. 
Terrestrial photogrammetry  
3.2.1. Data acquisition 
 
The second documentation level involved acting over different 
ceramic kilns in the site. Due to logistic difficulties in the field, 
we used those photogrammetric techniques that would allow for 
rapid extensive documentation.   
Regarding the photogrammetric system used for the data 
extraction of the kilns already excavated, a 5 meter pole with a 
micro four thirds Olympus EPM 1 camera and a Zuiko Digital 
ED lens 12mm f2 perpendicular to the ground was set up. The 
final height obtained with this system was 5,7 meters with an 
angle between 40° and 45° in order to facilitate data collection 
with a linear movement every two meters, both longitudinally 
and transversal to the excavation so as to obtain a redundant 
overlap between images that was valid for three-dimensional 
reconstruction. 
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W15, 2019 
27th CIPA International Symposium “Documenting the past for a better future”, 1–5 September 2019, Ávila, Spain
This contribution has been peer-reviewed. 




















ground due to 
well as the la




kiln T2 H2 and
account the 
the sensor used
of the camera 
ined an 8,2 m
ion of 2 milli
itudinal and tr
is technique w
 site as it 
 2000 square 
ich guaranteed 
ution obtained
ut in T8 H1 al
this area, base
the humidity o
rge ash stains. 
stance measurin
etric view on 





 (micro four th
(12 Mpx.) and 
eters x 6,2 me
metres per pix
ansverse imag




 in the final o
lowed us to fin




the 3D section 




irds 17.3 x 13 
the focal lengt
ters image foo
el, with an ov
es of 65% -
veral points o
izing an are
t one hour in
 in a short time
rthophoto set
d a kiln prior t




































































ats with a vie
d be easy to m
ed a web plat
ser in high reso





















 extract and to 
ceramic forms
d. 



















sed upon  three
shes for the b
ation sharing (
ping of each 






close to the s
system, a rota







 and their di
g hours that 
kes (rotations













erent types of s
ee (free open-











50 mm lens 
igure 7). The




























 vessels in the
ned a portable









g each of the
ment, scaling,
a collection in
 means of a 
niques. 
ft Methashape































The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W15, 2019 
27th CIPA International Symposium “Documenting the past for a better future”, 1–5 September 2019, Ávila, Spain
This contribution has been peer-reviewed. 






























 at different h
g each photo e
e results were 













d to point clo
e. Parallel 3D 
Different visua
056H011001 ;









ally use this p
s were export
with HP3D_0
js,  and  three.j











 b) The same im
elieve Model 
gram equal wi
analysis of  Hil




es. Once the m
oint clouds wit
latform as a vi



































































re to obtain an 
sal. However, 
















of the site coul
old DEM from
we were able 
 (Figure 4) gen
dinal data extr






er to identify th
obtained with









acted from the 
he site in the a
ation, the phot
ied out based 
t resolution, w
 for the L
 terms of
e archaeologic





eted due to the
































The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W15, 2019 
27th CIPA International Symposium “Documenting the past for a better future”, 1–5 September 2019, Ávila, Spain
This contribution has been peer-reviewed. 












many cases it 
the pre-war ar
have provided









Its use allows 
of the archae
information w





















a lack of carto
by the time dif
of control poin









gle Satellite  vi
USION AND
monstrates th






ning of the 1
 and urban de




 structures of s













ves from a lac
from the decl
applied here 
n order to add
is not possible
rocess, the 

















at the use of 
formation in a
 only one for t
ndscape.  The 
 information on
 allowed the r






ot allow a 
mall dimension
joint reading o
cape if we co
ng systems tha





stly in the three
ial of the CO
recting their g






 to carry out t
digital proce
ative when it
 the images as
















use of drones w
 the current st
econstruction o
e end of the 1
recedes agricu









s organized by 
g them in diff
ages, drawing
using the L

































































































































to the NGA 
ssification pro









tation and the 














to use with 
ional software
rogrammed in





























cess of the C
e debated as th
ommunity in t
is images an







ears we will 
 purpose of ver
lite in the field
etric techniqu
sors. 
ion in terms of 
lopment platfor
that this allows
 use of thes
ated with a d
cale documenta





































he use of these
d their use 




 not likely to 
ls for a cam
tion of images 
continue to c
ifying the data










n, use of filte
upporting We




 V. Martínez 
33-C3-3-P) led





t culture of A









 Soile, S., 20
 3D geometri
al Inf. Sci., X
4/isprs-archiv
., and Philip, 
erived from 
mal Ground 
 data in the










in space.  
arry out new
 obtained from
lso use the low
ith other types














































































The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W15, 2019 
27th CIPA International Symposium “Documenting the past for a better future”, 1–5 September 2019, Ávila, Spain
This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-2-W15-93-2019 | © Authors 2019. CC BY 4.0 License.
 
99
Approach Using Ikonos and SRTM Data. Photogrammetric 
engineering, 14. 
Galiatsatos, N., 2004. Assessment of the CORONA series of 
satellite imagery for landscape 
archaeology: a case study from the Orontes valley, Syria, 
Durham theses, Durham University. Available at Durham E-
Theses Online: http://etheses.dur.ac.uk/281/ 
Goossens, R., De Wulf, A., Bourgeois, J., Gheyle, W., and 
Willems, T., 2006. Satellite imagery and archaeology: the 
example of CORONA in the Altai Mountains. Journal of 
Archaeological Science, 336, pp. 745-755. 
https://doi.org/10.1016/j.jas.2005.10.010 
Gurt Esparraguera, J. M., Ariño Gil, E., Martínez Ferreras, V., 
and Pidaev, S. R., 2015. The Buddhist occupation of Tchingiz 
Tepe Termez, Uzbekistan in the Kushan period through the 
ceramic contexts. Archaeological Research in Asia, 3, pp. 19-
33. https://doi.org/10.1016/j.ara.2015.04.003
Hamandawana, H., Eckardt, F., and Ringrose, S., 2007. 
Proposed methodology for georeferencing and mosaicking 
Corona photographs. International Journal of Remote Sensing, 
281, pp. 5-22. https://doi.org/10.1080/01431160500104400 
Karimov, I.A., 2001. Termez – an Ancient and Modern City at 
an Important Crossroads. Tashkent, Publishing-poligraphic 
share company ‘Sharq’. 
Kokalj, Žiga and Hesse, Ralf, 2017. Airborne Laser Scanning 
Raster Data Visualization. A Guide to Good Practice. Ljubljana: 
Založba ZRC. 
Leriche, P., 2001. Termez antique et médiévale. In P. Leriche, 
S.R. Pidaev, M. Gelin, K. Abdullaev and F. Fourniau ed., La 
Bactriane au carrefour des routes et des civilisations de l’Asie 
centrale, pp. 75–99. Maisonneuve and Larose, Paris. 
Leriche and Pidaev, S.R., 2007. Termez in Antiquity. In J. 
Cribb and G. Herrmann ed., After Alexander. Central Asia 
before Islam, pp. 179–211. Proceedings of the British Academy 
133. University Press, Oxford.
Leriche, P. and Pidaev, S.R., 2008. Termez sur Oxus: Cité-
capitale d'Asie Centrale. Maisonneuve and Larose, Paris.  
Leriche P., Pidaev S. R., Annaev T., D'Alascio H., Gavison S., 
Genequand D., Houal J.-B., Moustafakoulov S., Naoumova E., 
Prisco A., 2002. Mission archéologique franco-ouzbèque de 
Bactriane septentrionale. Rapport 10, 2002, 78. 
Martínez Ferreras, V., Ariño Gil, E., Gurt Esparraguera, J. M., 
and Pidaev, S., 2014. The Enclosure of Tchingiz-Tepe Ancient 
Termez, Uzbekistan during the Kushan and Kushan-Sassanian 
Periods. Iranica Antiqua, 49, pp. 413–469. 
https://doi.org/10.2143/IA.49.0.3009247 
O’Grady; Caitlin R., Luke, Christina, Mokrišová, Jana, and 
Roosevelt, Christopher H., 2018. Interdisciplinary approaches to 
understanding and preserving mudbrick architecture in regional 
and diachronic contexts. Cogent Arts and Humanities, 5, pp. 1-
25. https://doi.org/10.1080/23311983.2018.1553326
Pidaev, S.R., 1991. Kyeramika gryeko-baktriyskogo vryemyeni 
s gorodishcha starogo Termeza, Sovyetskaya Arkhyeologiya, 1. 
Academy of Sciences of USSR, Moscow, pp. 210–224.  
Pidaev, S.R., 2001a. Contribution à l’histoire ancienne de 
Termez. In P. Leriche, S.R. Pidaev, M. Gelin, K. Abdullaev, F. 
Fourniau ed., La Bactriane au carrefour des routes et des 
civilisations de l’Asie centrale, pp. 47–57. Maisonneuve and 
Larose, Paris.  
Pidaev, S.R, 2001b. Mosquées de quartier dans l'ancciene 
Tirmidh (Ouzbékistan). Archéologie islamique, pp.61-74. 
Schmidt, M., Goossens, R., Menz, G., Altmaier, A., and 
Devriendt, D., 2001. The use of CORONA satellite images for 
generating a high-resolution digital elevation model. In IGARSS 
2001. Scanning the Present and Resolving the Future. 
Proceedings. IEEE 2001 International Geoscience and Remote 
Sensing Symposium Cat. No.01CH37217 Vol. 7, pp. 3123-3125. 
Sydney, NSW, Australia: IEEE. 
https://doi.org/10.1109/IGARSS.2001.978277 
Schütz, M., 2016. Potree: Rendering Large Point Clouds in Web 
Browsers. Faculty of Informatics at the Vienna University of 
Technology. 
Shin, S.-W., and Schenk, T., 2008. Rigorous Modeling of the 
First Generation of the Reconnaissance Satellite Imagery. 
Korean Journal of Remote Sensing, 11. 
Tsantini, E., Martínez Ferreras, V., Ariño Gil, E., Gurt i 
Esparraguera, J. M., and Pidaev, S. 2016. Pottery Production in 
the Buddhist Communities in Central Asia: The Kushan-
Sassanian Pottery Workshop of Kara Tepe Termez, Uzbekistan: 
Kushan-Sassanian pottery workshop of Kara Tepe Termez, 
Uzbekistan. Archaeometry, 581, pp. 35-56. 
https://doi.org/10.1111/arcm.12161 
Ur, J. 2003. CORONA satellite photography and ancient road 
networks: A northern Mesopotamian case 
study. Antiquity, 77295, pp. 102-115. 
Watanabe, N., Nakamura, S., Liu, B., and Wang, N. 2017. 
Utilization of Structure from Motion for processing CORONA 
satellite images: Application to mapping and interpretation of 
archaeological features in Liangzhu Culture, China. 
Archaeological Research in Asia, 11, pp. 38-50. 
https://doi.org/10.1016/j.ara.2017.06.001 
Wierzbicki, D., Krasuski, K., and Rykach, S. P. W. 2015. 
Estimation of rotation angles based on GPS data from a UX5 
Platform. Measurement Automation Monitoring, 61 11, pp. 516-
520. 
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W15, 2019 
27th CIPA International Symposium “Documenting the past for a better future”, 1–5 September 2019, Ávila, Spain
This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-2-W15-93-2019 | © Authors 2019. CC BY 4.0 License.
 
100
